Background: Several recent studies have found a higher risk of multiple sclerosis (MS) among people with a low level of education. This has been suggested to reflect an effect of smoking and lower vitamin D status in the social class associated with lower levels of education. Objective: The objective of this paper is to investigate the association between level of education and MS risk adjusting for the known risk factors smoking, infectious mononucleosis, indicators of vitamin D levels and body size. Methods: Within the case-control study on Environmental Factors In MS (EnvIMS), 953 MS patients and 1717 healthy controls from Norway reported educational level and history of exposure to putative environmental risk factors. Results: Higher level of education were associated with decreased MS risk (p trend = 0.001) with an OR of 0.53 (95% CI 0.41-0.68) when comparing those with the highest and lowest level of education. This association was only moderately reduced after adjusting for known risk factors (OR 0.61, 95% CI 0.44-0.83). The estimates remained similar when cases with disease onset before age 28 were excluded. Conclusion: These findings suggest that factors related to lower socioeconomic status other than established risk factors are associated with MS risk.
Introduction
Multiple sclerosis (MS) is a demyelinating disease of the central nervous system whose etiology is unknown. While the evidence is strong that both genetic and environmental factors contribute to the risk of the disease, 1 currently known risk factors are not likely to fully explain individual disease risk. This suggests that yet unknown risk factors are important in the etiology of the disease.
Socioeconomic status (SES) can predict the risk of a range of diseases, including cardiovascular disease, 2 type 2 diabetes 3 and certain types of cancer. 4 Previous research on SES and MS has, however, produced conflicting results. 5 Both higher 6 and lower 7,8 levels of SES have been associated with an increased disease risk. Although there may be geographical differences in how SES affects MS risk, some of the conflicting results may also be explained by methodological limitations, such as lack of adjustment for known risk factors. While a recent study reported an association between lower levels of SES and a higher MS risk that persisted after adjusting for several known risk factors, 9 it was not able to account for measures of vitamin D.
In this study, we examined the association between participant education, a valid indicator of SES, 10 and MS in the setting of a large case-control study where findings of the environmental risk factors most consistently associated with MS have been reproduced (Figure 1 ). [11] [12] [13] [14] [15] Furthermore, we wanted to see to what degree these known risk factors could explain any association between education and MS.
Methods

Study design
This study is a part of the international multicentric case-control study of Environmental Factors in Multiple Sclerosis (EnvIMS). The EnvIMS study was carried out in well-defined geographic areas in Europe (Norway, Italy, Serbia and Sweden) and in Canada. It aimed at examining the effect of self-reported exposure to environmental risk factors in MS prior to disease onset and to disclose possible variations in risk between distinct populations using a common methodology. The study design and methodology have been reported elsewhere. 16 
Study area and population
The current study used the Norwegian EnvIMS data. Norway is situated between 58 and 71 degrees northern latitude and has an MS prevalence among the highest reported in the world, ranging from 106 to 245 per 100,000 in surveys from different counties. 17 Cases were selected from the Norwegian MS-registry and biobank (Haukeland University Hospital, Bergen), which recruits patients from the whole country. 18 They had been diagnosed according to the McDonald criteria with a clinical onset within 10 years prior to data collection (i.e. 1999-2008). 19 Four times as many age and sex frequency-matched controls were randomly selected from the populationbased National Registry in Norway. Only participants aged 18 years or older at the time of selection were included in the study.
Exposure
Exposure information was collected through a novel, self-administered questionnaire (EnvIMS-Q) that had been tested for reliability, cross-cultural validity and perceived difficulty of completion. 16 In Norway, the level of education was reported on a five-point scale including "7 years or less" (elementary school), "8-10 years" (middle school), "11-13 years" (high school), "14 years or more" (college/university) and "I do not know." Covariates reflecting risk factors most commonly associated with MS risk included history of smoking, history of infectious mononucleosis, proxies of vitamin D levels (outdoor activity and sun exposure, vitamin D supplementation, fatty fish intake) and body size.
Smoking habits were reported as "ever" and "never" smoker, cigarettes/day (1-4, 5-10, 11-20 and 20+) in specific age periods (11-15, 16-20, 21-25 and 26-30) , age at smoking initiation and total years of smoking. Those who started smoking after disease onset were classified as "never" smokers. History of infectious mononucleosis was reported as "yes," "no" and "I do OR of MS risk for risk factors reported in previous studies using EnvIMS data. The effect estimates reflect the difference between "eversmoker" and "never-smoker," "infectious mononucleosis" and "no infectious mononucleosis," "outdoors most of the time" and "no outdoor activity," "highest consumption of cod liver oil" and "no consumption of cod liver oil" and "largest body size" and "smallest body size." EnvIMS: Environmental Factors in Multiple Sclerosis; OR: odds ratio; MS: multiple sclerosis; CI: confidence intervals. not remember." Frequency of outdoor activity, a proxy for sun exposure and vitamin D levels, was reported for both winter and summer in the specific age periods 0-6, 7-12, 13-15, 16-18, 19-24 and 25-30. It was reported as "virtually all the time," "quite often," "reasonably often" and "not that often." The frequency of use of vitamin D-containing supplements (e.g. cod liver oil) in the age period 13-19 was reported as "never/seldom," "1-3 times/month," "1 time/week," "2-3 times/week," "4-6 times/week" and "7+ times/ week." Information on intake of specific fish species (herring, mackerel, halibut, flounder, salmon and trout) was reported as "never/seldom," "1 time/ month," "2-3 times/month," "1 time/week," "2 times/ week" and "3 and more times/week." A figure rating scale consisting of body sketches, which reflect individuals' body mass index (BMI), 20 was used as an estimate for BMI. This scale was used for the specific ages 5, 10, 15, 20, 25 and 30.
Statistical analysis
The association between disease and exposure was estimated as odds ratios (OR) with 95% confidence intervals (95% CIs) using logistic regression. A new variable for education was created where the two lowest categories in the education variable ("7 years or less" and "8-10 years") were merged and given the value 1, 11-13 was given the value 2 and 14 or more was given the value 3. The two categories reflecting the shortest education were merged as they constitute the compulsory years of education in the Norwegian education system and very few participants have only seven years of education. The level of education was then treated as a categorical variable using category 1 as the reference category. Information on intake of each fatty fish was combined into one variable accounting for the intake frequency of any fatty fish per time unit with the categories "never," "1-2 times/ month," "3-4 times/month," "5-6 times/month" and "7 or more times/month." Smoking, infectious mononucleosis, outdoor activity, vitamin D supplementation, fatty fish intake and self-reported body size were assumed to be possible confounding or mediating factors and were introduced one by one into a multivariable model. For exposures with several age categories, the age category most relevant to MS according to previous findings in the EnvIMS study and other studies were selected. Specifically, this included age 16-18 for outdoors activity and body size at age 20. Cox-Snell R 2 was used to estimate the proportion of variance accounted for by the fully adjusted model.
We compared the results in early and late study responders, a suggested method for evaluating selection bias due to non-response. 21 Early responders were defined as those who answered after first contact, while late responders were defined as those who answered after a reminder.
All controls were randomly assigned an index age based on the distribution of age of disease onset in the cases. Events or reported behavior occurring after the age of onset/index age were not considered as relevant exposure. The analyses were repeated including only cases with age of disease onset after 28 years, to account for possible reverse causality due to diseaserelated processes affecting the possibility to take part in higher education. All analyses were adjusted for age and sex.
The statistical analyses were performed in IBM SPSS Statistics for Macintosh, version 22, Armonk, NY: IBM Corp.
Protocol approvals and patient consents
EnvIMS-Q is an anonymous postal questionnaire with an identical format for both cases and controls. A cover letter with the study aims and relevance, the request and instructions for participation and the investigators' contact information were enclosed with the questionnaire. Return of the questionnaire was considered as evidence of consent.
The Norwegian component of the EnvIMS study received ethics approval by the Regional Ethical Committee for Medical and Health Research for Western Norway (n. 11, 18.12.2008) .
Results
A total of 1368 eligible cases and 4728 controls were invited to participate and the response rates were 69.7% and 36.3%, respectively.
There were statistically significant differences in the distribution of baseline characteristics according to levels of education among participants in EnvIMS (Table 1) . Those with lower levels of education were more likely to frequently spend time outdoors, consume fatty fish during adolescence and to be an eversmoker. Infectious mononucleosis and cod liver oil supplementation during adolescence were more frequently reported among participants with higher education.
We found a statistically significant association between level of education and risk of MS. Participants with a higher level of education had a lower MS risk compared to those with lower levels of education (OR 0.53, 95% CI: 0.41-0.68). Table 2 gives the results for univariate analyses for each variable separately, a model including education and smoking and the final model including all considered confounders. Changes in the effect estimate of education were seen only when adjusting for smoking, although the changes were small and the estimate remained highly significant (OR 0.59, 95% CI: 0.45-0.77). Further adjustment for infectious mononucleosis, frequency of outdoor activity, cod liver oil supplementation, fatty fish intake and body size did not markedly change the effect estimate. A statistically significant p trend for education was observed both for the crude (p < 0.001 for trend) and adjusted analyses (p = 0.002 for trend). For the fully adjusted model, Cox-Snell R 2 was 0.055.
A higher proportion of the controls compared to cases (25.5% vs 15.6%) were late responders. The effect estimate of education on MS risk in the fully adjusted model was slightly stronger among late responders (OR 0.54, 95% CI: 0.26-1.11) than in early responders (OR 0.62, 95% CI: 0.43-0.89), but there was no significant interaction (p = 0.48).
The analyses were repeated including only cases and controls with age of disease onset or index age of 28 or older. Both the crude (OR 0.53, 95% CI: 0.41-0.69) and adjusted effect estimate (OR 0.60, 95% CI: 0.43-0.84) remained similar. Furthermore, adjusting for the educational and ethnic background of the parents did not markedly change the crude (OR 0.52, 95% CI: 0.40-0.68) or the adjusted effect estimates (OR 0.63, 95% CI: 0.45-0.87).
Discussion
We observed that a higher level of education was associated with lower MS risk in the Norwegian population of the EnvIMS study. This association remained similar after we adjusted for the environmental factors most consistently associated with MS, which may imply that education could be a marker for unknown exposures that are important for the etiology of the disease.
Our findings are consistent with observations in several recent studies. A large, prospective, registry-based study with approximately 400,000 participants from the same source population as our study reported an association in the same direction with similar effect estimates. 7 Further, a recent study reported that lower level of both parental and the participants' own education was associated with a higher MS risk after adjusting for several environmental and genetic risk factors. 9 Due to little variation in proxies of vitamin D status (e.g. vitamin D supplementation) they were unable to adjust for these in the analyses. Lastly, a large Danish cohort study reported a lower MS risk among children of mothers with higher education. 8 Some earlier studies have shown the opposite or no association between education and MS risk. 6, 22 This is in agreement with some of the earliest studies on SES and MS, where several studies reported that there was a higher ratio of MS patients among professional workers, and thereby people with higher education, than in unskilled workers. 6, 22 The hygiene hypothesis, where the overall function of the immune system is altered due to lower exposure to pathogens early in life, has often been cited to explain findings where higher SES is associated with higher MS risk. 8 These conflicting results may be due to methodological limitations, but also to a change in the distribution of risk factors for MS. The habit of smoking, an established risk factor for MS, 23 varies with time and place. While the global smoking prevalence continues to decline, 24 the socioeconomic differences in smoking prevalence are increasing due to a smaller decline in smoking rates among groups with lower levels of SES. 25, 26 Similarly, the distribution of other measured and unmeasured factors related to MS risk may also have changed, which could explain some of the heterogeneity observed. In the present study we observed that smoking could account for some of the association between SES and MS risk, but that other relevant exposures did not change the effect estimates. This is consistent with the no clear-cut association between these factors and education found in this Norwegian study population. These findings are therefore likely related to other risk factors associated with SES. Lower levels of SES have been associated with higher levels of urinary overnight cortisol 27 and inflammatory markers in serum, 28 suggesting that exposures related to SES may alter the hypothalamic-pituitary-adrenal (HPA) axis and allostatic load over time. Although research on stress and MS risk is not consistent, some studies report an association between the two. 29 Further, SES is associated with marked differences in dietary patterns. 30 Components in the diet that are not depicted in more general dietary patterns, which were not associated with MS risk, 31 could be important. Recently, sodium intake 32 and the composition of the gut microbiota 33 have been proposed as potential risk factors for MS. Although this is mainly based on animal research, these factors could both be associated with SES and provide biologically plausible pathways for a subsequently altered MS risk.
This study has some limitations. First, studies with non-responders are prone to selection bias. The probability of responding to a questionnaire may be related to the education of those invited 34 and could lead to a selection of participants with higher levels of education into the study, both among cases and controls. Still, less-motivated controls may be more sensitive to this selection than more-motivated patients. Thus, selection bias could occur if controls have lower response rates compared to cases, as we observed in our study. The observed differences in our study could explain some of the results. We compared the effect estimates in early and late responders, as late responders may be more similar to non-responders. 21 No significant differences were found, and the effect estimates were actually slightly stronger among late responders. Further, considering the similarities of the results in our study and the large prospective study with participants from the same source population, it is unlikely that our results can be fully explained by selection bias.
A second limitation is that case-control studies are also prone to recall bias as the participants are asked to retrospectively recall prior exposure information. The recollection of level of education is, however, less likely to be affected after disease onset. We observed age-specific differences in the reported exposure of several relevant mediators and confounders. 11, 15 It is unlikely that a differential recall between cases and controls should vary according to age periods if they were due to recall bias. Moreover, although we had several measures for various risk factors, there may still be residual confounding that we are not able to account for.
In conclusion, in this large population-based study we observed that a higher level of education was associated with lower MS risk that could not be fully explained by currently established risk factors including smoking, vitamin D and infectious mononucleosis. This strongly suggests the presence of additional environmental risk factors in the etiology of MS.
